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0 Horizontal welt completion method. 



0 A well bore (10) having a conduit (12) disposed 
therein where portions of the weli tx>re and conduit 
are positioned substantially hohzontaily in a sub- 
terranean producing formation (14), is completed by 
placing a hardenable resin composition coated par- 
ticulate solid material in the annulus t}etwean the 
sides of the well bore (10) and the conduit (12) and 
causing the resin compositidn to harden whereby the 



particulate material is consolidated into a hard per- 
meable mass. An aqueous cement slurry (30) is 
introduced into ttie permeable consolidated par- 
ticulate material whereby horizontal sections thereof 
are isolated which allows tests and/or treatments in 
selected portions of the horizontal well to t>e per- 
formed. 
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The present invention relates to a method of 
ccmpletng portions of a well bore and conduit 
which are positioned substantially horizontally in a 
hydrocarbon containing subterranean formation. 

Horizontal wells are those well wherein at least 5 
the lower end portion of the well bore is positioned 
substantially horizontally In a hydrocarbon contain- 
ing subterranean formation. The horizontal portions 
of such wells have been completed *open hole" 
when the material fomninQ the subterranean forma- to 
tion pemnits arKf "cased hole* where the sut)tenra- 
nean formation is partially or whotly incompetent In 
heretofore cased hole completions, tfie casing has 
been cemented in the substantially horizontal per- 
lion of the well bore utilizing impermeable cement ts 
In those completions, a large numtter of perfora- 
tions are generally required in order to allow the 
hydrocartx>ns from the subterranean formation to 
readily flow through the impermeable cement and 
into the interior of the casing. Also, as a result of 20 
the large numk^er of perforations, the migration of 
incompetent formation materials, e.g. sand, with the 
hydrocartx>ns by way of the perforations is often a 
problem. 

We have now devised an improved horizontal 25 
well cased hole completion method whereby high 
fluid conductivity without sand migration can be 
achieved. 

According to the present invention, there is 
provided a method of completing a well bore hav- ao 
ing a conduit disposed therein where at least the 
lower end portions of the well bore and conduit are 
positioned substantially horizontally in a subterra- 
nean formation, which method comprises the steps 
of: 35 

(a) placing hardenabte resin composition coated 
particulate solid material, which is consolidatable 
into a hard permeable rn&ss, in the annulus 
between the sides of said substantially horizon- 
tally positioned portions of said weH bore and 4o 
said conduit; 

(b) causir)g said hardenable resin composition to 
harden whereby said particulate material is con- 
solidated into a hard permeable mass; 

(c) forming perforations in said substantially 45 
horizontally positioned portion of said conduit 
which cfivide said conduit into two or more un- 
perforated sections; 

(d) introducing an aqueous cement slurry by 
way of said periorattons into said permeable so 
consolidated particulate material whereby sec- 
tions thereof corresponding to said unperfaated 
sections of said conduit are isolated from each 
other by portions of said cement slurry; 

(e) allowing said portions of said cement slurry 55 
to set into hard impermeable masses in said 
consolidated particulate material; and 



(0 perforating one or more of said unperforated 
sections of said conduit. 

In accordance with the present invention, at 
least the portions of a well bore and a cortduit 
disposed tt^rein. e.g. casing, which are positioned 
substantially horizontally in a producing formation 
are completed by first placing a hardenable resin 
composition coated particulate sofid material in the 
annulus between the sides of the well bore and the 
conduit therein. The hardenable resin composition 
on the particulate material is then caused to harden 
which consoTidates the particulate material into a 
hard permeable mass. Perforations are next formed 
in the conduit which are spaced along the horizor>- 
tal length thereof and divide the conduit into two or 
more unperforated sections. An aqueous cement 
slurry is then introduced by way of the perforations 
into the permeable consolidated particulate material 
surrounding the conduit whereby sections thereof 
corresponding to ttie unperforated sections of the 
conduit are isolated from each other by portions of 
the cement slurry. The cement slurry is allowed to 
set into hard impermeable masses in ttie consoli* 
dated particulate material, and one or more of the 
unperforated sections of the conduit are perforated 
to allow the flow of hydrocartx)ns through ttie per- 
meable consolidated particulate material into the 
interior of the conduit The isolated sections of the 
penneable consolidated particulate material allow 
tests and treatments to be performed in selected 
portions of the producing formation along the 
lengtii of the substantially^ horizontal well bore 
therein. 

In order tiiat the invention may be more fully 
understood, reference is made to tt>e accompany- 
ing drawings, wherein: 

Rgure 1 is a schematic illustration of one em- 
bocfiment of a well bore having a conduit dis- 
posed therein positioned substantially horizon- 
tally in a subterranean hydrocarbon containing 
formation, after hardenable resin composition 
coated particulate solid material has been 
placed and consolidated between the sides of 
the well bore and the conduit in accordance 
Witt) the invention. 

Figure 2 is a schematic illustration of ttie well 
bore and conduit of Figure 1 after perforations 
dividing ttie conduit into unperforated sections 
have been formed ttierein. 
Figure 3 is a schematic illustration of the well 
bore and conduit of Figure 2 after an aqueous 
cement slurry has been introduced by way of 
the perforations into ttte permeable consolidated 
particulate material surrounding tiie conduit 
whereby sections thereof corresponding to the 
unperforated sections of the conduit are isolated 
from each other. 
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Figure 4 is a schematic tilustration of the well 
bore and conduit of Figure 3 after perforations 
have been formed in each of the conduit sec- 
tions and hydrocartxyi production has been 
commenced. 

The present invention provides an Improved 
method of completing cased hole horizontal wells. 
In accordance with the method, a we0 bore having 
a conduit disposed therein. e.g. casing, is com- 
pleted whereby the portions of the well bore and 
conduit which are positioned substantiatty horizor>- 
tally in a hydrocartxDn producing formation are bon- 
ded together by a consolidated particulate solid 
material which is permeable to the flow of hy- 
drocarbons. That is. the consolidated particulate 
solid material has a hydrocarlDon fluid conductivity 
which approaches the fluid conductivity of the hy- 
drocarbon producing formation. In addition, the per- 
meable consolidated particulate solid material pro- 
vides a barrier between perforations in the conduit 
and the face of the hydrocart)on producing forma- 
tion which prevents the migration of sand arKJ other 
incompetent materials from the formation into the 
conduit. Also, cement seals are provided in the 
permeable consolidated particulate material sur- 
rounding the conduit which are spaced along the 
length thereof whereby the consolidated particulate 
material is divided into isolated horizontal sections. 
The isolated sections can be separately perforated 
so that tests and/or treatments can be performed in 
selected portions of the formation through which 
the horizontal well bore extends. 

The methods of completing a horizontal well 
t>ore as described 3tx>ve comprise the first step of 
placing a particulate solid material coated with a 
hardenabie resin composition in the annulus be- 
tween the sides of the substantially horizontal por- 
tion of the well bore and the conduit disposed 
therein. Once placed, the hardenabie resin com- 
position is caused to harden which consolidates the 
particulate material into a hard permeable mass 
and bonds the conduit to the well bore. A plurality 
of perforations are next formed in the portion of the 
conduit surounded by the consolidated particulate 
material which are spaced along the length thereof 
whereby the perforations divide the conduit into 
two or more unperforated sections. An aqueous 
slurry of particulate cement having a high degree 
of fineness is then introduced into the permeatjie 
consolidated particulate material by way of the 
perforations whereby sections thereof correspond- 
ing to the unperforated sections of the conduit are 
isolated from each other by portions of the cement 
slurry. The cement slurry is allowed to set into hard 
impermeable masses in the consolidated par- 
ticulate material. Finally, one or more of the iso- 
lated unperforated horizontal sections of the con- 
duit are perforated in a manner whereby the per- 



meable consolidated particulate material surround- 
ing the conduit is left substantially intact and hy- 
drocarbons without incompetent .tormation materials 
flow through the perforations into the conduit As 

5 mentioned, since the permeable consoBdated par- 
ticulate material sunrounding the conduit is sealed 
by ttie set portions of cement between the corxiuit 
sections, hydrocartxxis from the subterranean for* 
mation adjacent one section can rx}t flow by way of 

to the permeable consolidated particulate rhaterial to 
the vicinities of tfie other sections. This allows the 
portion of the subterranean formation adjacent each 
isolated consolidated particulate material and con- 
duit section to be tested or treated independently. 

ts The hardenabie resin composition coated par- 

ticulate solid material utilized in accordance with 
tNs invention can be any of various types of par- 
ticulate material coated with any of various har* 
denable resin compositions. The particulate ma- 

20 terial can be, for example. sarKt. sintered bauxite, 
glass particles, and the like. The prefenred par- 
ticulate material is sand having a partide size in 
the range of from about 10 to about 70 mesh. U.S. 
. Sieve Series (apertures 2.00 to 0.210 mm), lha 

2S preferred particulate material size ranges are 10-20 
mesh (aperture 2.00 to 0.81 mm), 20-40 mesh 
(aperture 0.81 to 0.42 mm). 40-60 mesh (aperture 
0.42 to 0.25 mm) or 50-70 mesh (aperture 0.297 to 
0.210 mm) depending upon the particle size and 

30 distribution of formation sand adjacent to which the 
resin coated sand is to be deposited. A preferred 
hardenabie resin composition for coating the par- 
ticulate material is comprised of a hardenabie 
polyepoxide resin, at least one water immiscible 

X diluent for the resin and a delayed hardening agent 
for the^ resin. Polyepoxide resins which can be 
utilized include the condensation products of epich- 
lorohydrin and multiple hydroxy compounds such 
as resorcinbl hydroqulnone. glycerine, pentaerytfi- 

40 ritol. 1 .4-butanediol. phloroglucinol. bisphenol A 
and bisphenol F. A particularly suitable and pre- 
ferred such resin is, the condensation resin product 
of eptchlorohydrin and bisphenol A. A commercially 
available such product is marketed by the Shell 

45 Chemical Company of Houston, Texas under the 
tradename EPON 828"^. EPON 828 resin exhib- 
its good temperature stakxiity and chemical resis- 
tance, and has a viscosity of about 15.000 cen- 
ti poises (15 Pas). 

50 The one or more substantially water immiscible 

diluents are utilized in the resin composition to 
adjust the viscosity of the composition to a desired^ 
level, generally a level in the range of from about 
100 centipotses to about 800 centipoises (0.1 to 0.8 

55 Pas). Preferably two polar organic diluents are 
used which are miscibie with the polyepoxide resin 
and suk^stantially immiscible with water. One of 
such diluents is preferably reactive with the epoxy 
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resin component and the other diluent is preferably 
non-reactive. 

The substantially water immiscible reactive 
diluent is pfsferabJy comprised of at least one 
member selected from the group consisting of 
butyl glyddyi ether, cresol glycidyl ether, allyl 
glycidyl ettier. phenyl glycldyt ether, and other 
glycidyl ethers which are miscible with the epoxy 
resin utilized. Of these; butyl glycidyl ether and 
cresol glycidyl ether are the most preferred. The 
reactive diluent or diluents are generally present in 
the resin composition in an amount in the range of 
from about 2 to atxxit 35 parts by weight per 100 
parts by weight of the polyepoxy resin present 
Preferably, the reactive diluent is present in the 
range of from about 15 to about 30. and most 
preferably, about 28 parts by weight per 1 00 parts 
by weight of polyepoxide restn. 

Of the various water immiscible non-reactive 
diluents which can be utilized, one or more se- 
lected from the group of ethyl acetate, butyl lac- 
tate, ethyl lactate, amy! acetate, ethylene glycol 
dtacetate and propylene glycol diacetate are pre- 
ferred. Of these, butyl lactate is the most preferred. 
The water immiscible non-reactive diluent is gen- 
erally included in the resin composition in an 
amount in the range of from atxxit 4 to about 20 
parts by weight per 100 parts by weight of the 
polyepoxide resin present. Preferably the non-reac- 
tive diluent is present in an amount in the range of 
from about 8 to about 15. and most preferably 
afc>out 10 parts by weight per 100 parts by weight 
of the polyepoxide resin present Examples of oth- 
er diluents which can be utilized are methyl alcohol 
and other low molecular weighl alkanols. 
tetrahydrofurfuryl methacrylate and ethyl acetate. 

A variety of delayed hardening agents can be 
used in the resin composition. Examples of such 
hardening agents include amines, polyamines. 
. amides an6 polyamides. A hardening agent which 
has been commonly utilized heretofore is 
methylene cfianiline either dissolved in a suitable 
solvent such as ethyl acetate or in a liquid eutectic 
mixture of amines diluted with methyl alcohol. A 
preferred hardening agent is comprised of the ad- 
duct formed by reacting an aliphatic or 
cycloaJiphatic amine with the condensation reaction 
product of epichlorohydrin and bisphenol A. White 
a variety of aliphatic amines can be utilized, pre- 
ferred amines are those selected from the group 
consisting of ethylene diamine, triethyiene 
tetramrne. tetraethylene pemamine. bis-(p- 
aminocyclohexyl) nr^ethane. the diamines and 
triamines of cyctopentane and the diamines and 
triamines of cyclohexane. Of these, triethyiene 
tetramine. 1 .2-diaminocyciohexane and 1.4-dia- 
minocyclohexane are preferred with 1.4-dia- 
mtr^ocyclohexane tDeing the most preferred. The 



adducts of the aRphatic amines are prepared try 
reactir^ a selected amine with the conder^satioo 
reaction product of epichlorohydrin and t>isphenol 
A. 

5 The preferred hardening agent i.e.. the adduct 

formed by reacting an aliphatic amine with the 
condensation reaction product of eptchlorohydrin 
and bisphenol A is generally included in the resin 
composition in an amount in the range of from 

to about 20 to about 150 parts by weight per 100 
parts by weight of polyepoxy resin. Preferably, the 
hardening agent is present in an amount in the 
rar^e of from at)Out 40 to about 90, and most 
preferably, about 88 parts by weight per 100 parts 

T5 of polyepoxide resin. 

The hardenable resin composition can also tn- 
cfude retarders or accelerators as hardening rale 
controllers to lengthen or shorten tt^ working and 
cure times of the resin composition, tow molecular 

20 weight organic acid ester retarders such as alkyl 
esters of alkyi acids containing about 2 to 3 cartx)n 
atoms can be utilized. Suitable accelerators include 
2.4.6-trisdimethylaminomethylphenol. the ettiyl hex- 
onate salt ttiereof and wiaak organk; acid such as 

25 fumaric, erythorbic. ascorbic saltcyHc and malek: 
acids. When a retarder or accelerator is uttDzed. it 
is generally comt>ined with the resin composition in 
amounts up to about 10 parts by weight per 100 
parts by weight of polyepoxide resin. 

30 The resin composition also preferably includes 
a resin to particulate material coupling agent to 
promote bonding of the resin to ttie particulate 
material. A preferred such coupling agent is M- 
t)eta-(aminoethy l)-gamma- 

J5 aminopropyltrimethoxysilane. The coupling agent 
generally can be included in the resin composition 
in an amount from atx)ut O.i to at)out 2 parts by 
weight per 100 parts by weight of polyepoxide 
resin. 

40 The preparation of the hardenable resin com- 
position coated particulate solid material and its 
placement in the well bore. i.e.. in the annulus 
between the sktos of tiie portion of tiie well bore 
whk:h is positioned substantially horizontally and 

4S the conduit disposed tiierein. can be accomplished 
in various ways. For example, the resin coated 
particulate material can be prepared in a batch 
mixing operation followed by the suspension of the 
resin composition coated particulate material in a 

so carrier Ik^iid. The carrier liquid suspenskxi of the 
resin coated particulate material can \ben be 
pumped within the conduit disposed in the well 
bore through the open end thereof and into the 
horizontal portion of the annulus between tiie well 

55 bore and the conduit A more preferred technique 
for preparing and placing the resin composition 
coated particulate material is descrit>ed in United 
Slates Patent No. 4.829.100 issued May 9. 1989. In 
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accordance with the technique disclosed therein, a 
consolidatable resin composition coated particulate 
material is continuousty formed and suspended in 
a gelled aqueous carrier liquid, and the suspension 
is pumped to the zone where the resin coated 
particulate material is to be placed. As described in 
detail in the patent substantially continuous 
streams of a geUed aqueous carrier liquid, un- 
coated particulate material, a resin composition 
which will subsequentiy harden and a surface ac* 
tive agent are admixed whereby the particulate 
material is continuousty coated with resin composi- 
tion and suspended in the gelled aqueous carrier 
liquid. The suspension is continuously pumped Into 
the subterranean formation or other zone wherein 
the consolidatabie resin composition coated par* 
ticutate material is to be deposited. 

The suspension of the hardenable restn com- . 
position coated particulate material in an aqueous 
gelled carrier liquid produced in accordance with 
Patent No. 4.829.100 Is comprised of an aqueous 
liquid, at least one hydratable polysaccharide gel- 
tir^ agent, the atxtve described resin composition, 
particulate material ar^ one or more surface active 
agents for promoting the coating of the particulate 
material with ttie resin composition. The aqueous 
liquid can be fresh water, brine or sea water. A 
variety of hydratable polysaccharide gelling agents 
can be utilized having molecular weights in the 
range of from about 100.000 to 4,000.000. prefer- 
ably from about 600.000 to 2.400.000. Preferably, 
the polysaccharide gelling agents are cellulose or 
guar derivatives. The polymers include substituents 
such as hydroxyethyl to give the necessary water 
hydration and gel characteristics to produce a clear 
aqueous gel having a viscosity of at least about 30 
centipoisos (0.03 Pas) (reading on a Fann V.Q. 
meter at 300 rpm). Preferred such polymers in- 
clude substituted carboxy and hydroxy alkyi eel* 
lulose. such as hydroxyethylcellulose and carbox- 
ymethylhydroxyethytcellulose. and substituted 
hydroxyalkylguar, such as hydroxypropylguar. The 
most preferred polysaccharide polymer gelling 
agent is hydroxypropylguar having a molecular 
weight in ttie range of from atX3ut 1CX).000 to about 
4.0(X).000. and having a propylene oxide substitu- 
tion (MS) of about 0.1 to about 0.7 moles of pro- 
pylene oxide per mole of mannose and galactose 
in the guar. 

The surface active ager>t for promoting the 
coatirfg of the particulate material can be one or 
more cattonic surface active agents or one or more 
non-cationic surface active agents^ or one or more 
of boUi. As used herein, a non-catiorw: surface 
active agent includes a blend of anionic and non- 
ionic surface active agents. Useful cationic surface 
active agents include tiie reaction product of an 
alcohol, epichtorohydrin and triethylenediamine 



• wherein monohydric aBphatic alcohols having in ttie 
range of from about 12 to about 18 cartx>n atoms 
are reacted with from 2 to 3 moles of eptch- 
lorohydrin per mole of alcohol foao%ved by reaction 

5 with an excess of triethylenediamine. The alcohol- 
epichtorohydrin reaction product contains an ethox- 
ylation chain having pendent chlorides. The sut>se- 
quent reaction with triethylenediamine provides a 
cationic and a tertiary amine functionality lo the 

10 resulting product. 

The non-cationic surfactants are preferably 
ethoxylated fatty adds produced by reacting fatty 
acids containing from about 12 to about 22 carbon 
atoms witti from about 5 to about 20 moles of 

IS ethylene oxide per mole of acid, most preferably 
from about 12 to about 18 moles of ethylene oxide 
per mole of add. to produce a mixture of various 
quantities of ethoxylated acids and unreacted ac- 
ids. 

20 When ttie gelling agent used is a cellulose 
derivative, one preferred surface active agent is a 
blend comprised of isqprc^yi alcohol, the cationic 
agent descrit)ed above and the non-cationic agent 
descrit>ed above wherein ttie weight ratio of 

25 cationic agent to non-cationic agent in the blend is 
in the range of from about 0.4 to 1. and preferably 
about 0.8 parts by weight cationic agent per 1 part 
by weight non-cationic agent and wherein the 
weight ratio of isopropyl alcohol to non-cationic 

30 agent in the blend is about 1 part by weight alcohol 
per 1 part by weight non-cationic agent 

When the gelling agent used herein is a galac- 
tomarvian gum, a preferred surface active agent is 
a t>lend comprised of alcohol. e.g.. amyl alcohol. 

35 the cationic agent descrit?ed atxjve and the non- 
cationic agent described above wherein the weight 
ratio of cationic agent to non-cationic agent in the 
blend is in the range of 0 to 1. and preferably 
about 0.2 parts by weight cationic agent per 1 part 

40 by weight non-cationic agent and wherein tiie 
weight ratio of alcohol to non-cationic agent in the 
blend is about 1 part by weight alcohol per 1 part 
by weight non-cationic agent. 

After t)eing prepared, the atx>ve-descrit)ed 

4$ composition is comprised of resin composition 
coated particulate material suspended in a gelled 
aqueous liquid. The gelled aqueous liquid prefer- 
ably contains the polysaccharide polymer utilized 
in an amount in the range of from about 20 to 

so about 120 lbs (9.1 to 54.5kg) of polymer per 1000 
gailons (3.78m^) of water, brine or sea water 
whereby the gelled aqueous Kquid has a viscosity 
in the range of from about 10 centipoises (0.0 1 Pas) 
to about 400 centipoises (0.4Pas). Most preferably, 

55 the gelled aqueous carrier liquid includes from 
about 30 to about 80 lbs (13.6 to 36.3kg) of gelling 
agent per 1000 gallons (3.78m^) of water, brine or 
sea water, and has a viscosity of from abouX 15 to 
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about 100 centfpofses (0.015 to 0.1 Pas). As is welJ 
understood by ttiose skilled in the art. the gelled 
aqueous liquid can be aossKnked to inaease its 
viscosity and stability. 

A gel breaker is included in the gefled aqueous 
liquid to cause It to revert to a relatively thin liquid 
at the time' the resin coated particulate material 
reaches the location of its placement While a 
variety of gel tweakers which are well known in the 
art can be utiltzed. an oxidative type off breaker 
such as sodium persulfate is prefeaed. Such ox- 
idative gel breakers are generaiiy rnduded in the 
ccxnposition in an amount in the range of from 
3tx3ut 0.5 pounds (0.23kg) to at>out 50 pounds 
(22.7kg) per 1000 gaUons (378m^) of gelled aque- 
ous carrier Bqukl. txit the particular amount de- 
perHls on the specific time period required between 
when the gel breaker is added and when the gel 
must be broken. Increases in the amount of gel 
breaker shorten such time period. 

The aqueous cement slun7 useful in accor- 
dance with the present inventk3n is comprised of 
water arKi a fine particulate hydraulk: cement whk:h 
sets into a hard impermeable mass. The water can 
be fresh water, salt water, seawater or brine. In 
order for the particulate hydraulic cement to be 
capable of ftowing into tf>e cor^olidated particulate 
solid material it must t)e of a fine particle size. A 
preferred such fine particle size cement is one 
consisting of particles of cementitous material hav- 
ing diameters no larger than atxxjt 30 microns 
(3x10~^m). preferably no larger than about 17 
microns (17x10~^m), and still more preferably no 
larger than about 11 microns (llxi0"*m). The dis- 
tribution of the various sized particles within the 
cementitious material shouki be such that 90% of 
the particles have a diameter not greater ttian 
atXMJt 25 microns (25xi(r^m). preferably about 10 
microns (10^ m). arvd still more preferably about 7 
microns (7xlO~*m). 50% have a diameter not 
greater than about 10 microns (lO^^m), preferatJiy 
about 6 microns (6x10"^ m). and still more prefer- 
ably about 4 mk7ons (4x10~^m). and 20% of the 
particles have a diameter not greater than about 5 
microns (5x10~^mX preferably about 3 microns 
(3x10^m) and still more preferably about 2 
microris {2x10^m). 

The particle size of the hydraulk: cement can 
t>e indirectly expressed in terms of the surface area 
per unit weight of a given sample of the cement 
This value, sometimes referred to as Blaine Rrte- 
ness. can be expressed in units of square centi* 
meters per gram (cm^/gram) and is an indication of 
the ability of a cement to chemically interact with 
water and other materials. The activity is t^elieved 
to increase with increased Blaine Fineness. The 
Blaine Fineness of the hydraulic cement used in 
accordance with this invention should be no less 



than about 6000 cm^/gram. preferably greater than 
atxxit 7000 cm^/gram. more preferably greater than 
about 10.000 cm^/gram and nnost preferably great- 
er than about 13.000 cm'/gram. 

5 Hydraulic cements having the fineness and 

particle size distritxition described above are dis- 
closed in various prior linited States patents includ- 
ing U.S. Patent No, 4.761.183 to Clark which dis- 
closes slag and mbetures of slag with Portland 

ro cement and U.S. Patent Ho. 4,160.674 to Sawyer 
¥vhk:h disctoses Portland cennent The hydraulic 
cenf)ents can also include fine pozzolan cement 
and/or fine silica in addition to the slag and/or 
Portland cement The cements which are preferred 

75 for use in accordance with this invention are Port- 
land cement aiKf combinations thereof with stag 
wherein the quantity of Portland cement included in 
a mixture of Portland cement and stag can be as 
tow as 10%, but is preferably no less than atx>ut 

20 40%. more preferably about 60% and still more 
preferably abotit 80%. The most preferred cement 
of the fineness and particle size distribution de- 
schbed above is Portland cement 

The aqueous cement slurries useful herein can 

25 be formulated utilizing ratios of the weight of water 
per unit weight of the cementitkxjs material de- 
scribed above in tf)e range of from about 0.5 to 
about 5.0. preferably from at>out 1.0 to atxxit 1.75 
and still more preferably from about 1.0 to at)out 

30 1.5 parts by weight of water per part of cemen-. 
titious material. 

The slurry densities of the fine. I.e.. small par- 
ticle size, cements ol this invention are tower than 
cements having usual particle sizes because of the 

3S high water ratios required to wet all of the surface 
area of ttie fine cement. The compressive strengths 
however, of the set lower density slurries are sat- 
isfactory tor ttia penetration cementing purposes 
contemplated herein, especially in view of the 

40 greater reactivity of the fine cements. The density 
of ttie aqueous cement slurry utilizing the fine 
cement descrik)ed can range from about 9.4 to 
about 14.9. 

Referring now to FIGURES 1 through 4 of the 
45 drawing, a horizontal well comprised of a well bore 
10 having a conduit 12 disposed therein is sche- 
matically illustrated. The weU bore 10 is positioned 
substantially vertically until it reaches a subterra- 
nean hydrocartx>n producing formation 14 where- 
so upon it turns at an angle of atHXit 90 * and extends 
substantially horizontally a distance in the formation 
14. The term "substantially horizontally* as used 
herein when referring to the position of portions of 
a well bore and a conduit disposed therein in a 
55 subterranean formation means that such portions 
are positioned with respect to a vertical line extend- 
ing there ak30ve at an angle in the range of from 
about 45* to about 135 v 
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A hardenabte resin composition coated par- 
ticulate solid material of the type described above 
which is consolidatable into a hard permeable 
mass is first placed in ti\e annulus 16 tDetween the 
sides of the well bore 18 and the conduit 12 as 5 
shown in FIGURE 1. As indicated above, the con- 
solidatable resin composition coated particulate 
material is preferably pumped through the conduit 
12 as a suspension in an aqueous gelled carrier 
nquid and then into the annulus 16 whereupon the w 
gelled aqueous carrier liquid reverts to a thin liquid 
and the consolidatable resin coated particulate ma- 
terial is deposited in the annulus 16. After place- 
ment the resin composition coated particulate ma- 
terial is caused to consolidate into a hard per- is 
meable mass which bonds to the walls 18 of the 
subterranean formation 14 and to the external sur- 
faces of the conduit 12. Generally, the resin com- 
position coated particulate material is placed and 
consolidated in only tfta substantially horizontal 20 
portion of the annulus 16. and the usual primary 
cementing techniques using a hydraulic cement 
slurry is utifized for cementing the conduit 12 in the 
vertical portion of the well bore 10. 

After the resin composition coated particulate 25 
material has t>een placed and consoKdated in the 
substantially horizontal iannulus 16, a plurality of 
perforations 20 are formed in ttie conduit 12 as 
shown in RGURE 2. The perforations 20 are 
spaced along the length of the portion of the con- 30 
duit 12 which is positioned substantially horizon- 
tally whereby the perforations divide the conduit 
into at (east two unperforated sections. In FIGURE 
2 the perforations 20 divide the corxluit 1 2 into four 
unperforated conduit sections 22. 24, 26 and 28. 35 

In accordance with the next step of tfie method 
of the present invention and as shown in FIGURE 
3. an aqueous cement slurry is introduced into the 
permeal>le consolidated particulate material sur- 
rounding tfie conduit 12 within the annulus 16 by 40 
way of the perforations 20 whereby sections of the 
consolidated particulate material corresponding to 
the unperforated sections 22. 24. 26 and 28 of the 
conduit 12 are isolated from each other by portions 
30 of the cement slurry. That is. after the cement 45 
slurry portions 30 set into hard impermeable 
masses in the consolidated particulate material, 
hydrocarkx>ns (lowing into the consolidated par- 
ticulate material from the formation 14 are pre- 
vented from flowing between adjacent sections of so 
the consolidated particulate material. 

The portions of the cement slurry 30 are a)- 
bwed to set within the consolidated particulate 
material in the annulus 16 whereupon the unper- 
forated sections 22. 24. 26 and 28 of the conduit ss 
12 are perforated. As shown in FIGURE 4, perfora- 
tions 32 are formed in the conduit 12 whereby 
hydrocartx)ns from the portions of the formation 1 4 



adjacent the conduit sections 22. 24, 26 and 28 
flow into the conduit 12 by way of the perforations 
32. As will be understood by those skilled in the 
ait the isolated sections of the consolidatad par- 
ticulate material surrounding the conduit 12 allow 
tests and ti'eatments to be carried out in selected 
portions of tiie formation 14 penetrated by the well 
bore 10. For example, the perforations 32 can be 
formed separately in the conduit sections 22. 24. 
26 and 28. and tr^ hydrocartxxi production from 
the portions of the formation adjacent each section 
determined. If one or more of the formation sec- 
tions require stimulation, treatments can be effec- 
ted in those sections without appreciak^ly disturt)ing 
other formation sections. 

The perfaations 32 are formed in the. conduit 
12 whereby the permeat>te consolidated particulate 
material sunnoundng'the conduit 12 is disturbed as 
little as possible. TNs can be accomplished by 
utilizing shallow penetration perforation techniques 
known to those skilled in the art or predrilled per- 
forations with removable plugs therein can be used. 

Claims 

1. A method of conipleting a well bore (10) hav- 
ing a conduit (12) disposed ttieretn where at 
least the tower end portions of the well bore 
and conduit are positioned substantially hori- 
zontally in a subterranean formation, which 
method comprises the steps of: 

(a) placing hardenable resin composition 
coated particulate solkl material. whk:h is 
consolidatable into a hard permeable mass, 
in the annulus (16) between the sides (18) 
of said substanti'ally horizontally po$itior>ed 
portions of said well bore aiKl said conduit 
(12); 

(b) causing said hardenable resin composi- 
tion to harden whereby said particulate ma- 
terial is consolidated into a hard permeable 
mass: 

(c) forming perforatkxis (20) in said substan- 
tially horizontally positioned portion of said 
conduit which divide saki conduit into two or 
more unperforated sectk)ns (22.24.26.28); 

(d) introducing an aqueous cement slurry by 
way of said perforations (20) into said per- 
meable consolidated particulate material 
whereby sections thereof corresponding to 
said unperforated sections of said conduit 
are isolated from each other by portions 
(30) of said cement slurry; 

(e) altowing said portions of said cement 
slurry to set into hard impermeable masses 
in sakJ consolidated particulate material; 
and 
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(0 perforating ono or more of said unper- 
forated sections of said conduit 

Z A method according to claim t. wherein said 
resin composition comprises a hardenable s 
polyepoxide resin, a water immiscible diluent 
for said resin and a hardening agent for said 
resin. 

3. A method according to claim 2. wherein said to 
polyepoxide resin is the condensation product 

of epiichiorohydrin and t>isphenol A. 

4. A method according to claim 2 or 3. wherein 

said hardening agent is the adduct formed by rs 
reacting an aliphatic amine with the condensa- 
tion reaction product of epichlorohydrin and 
bisphertoi A. 

5. A method according to claim 2. 3 or 4. wherein 20 
said cfiluent is a mixture of a reactive diluent 

and a hon-reactive diluent. 

6. A method according to claim 5, wherein the 
reactive diluent is butyl glycidyl ether, cresol 25 
glycidyl ether, allyt glycidyl ether or phenyl 
glycidyl ether. 

7. A melhod according to claim 5 or 6. wherein 

the non-reactive diluent Is ethyl acetate, butyl 00 
lactate, ethyl lactate, amyl acetate, ethylene 
glycol diacetate or propylene glycol diacetate. 

& A method according to any of claims 1 to 7. 

y&tere\r\ said hardenable resin composition 3$ 
coated particulate material is placed in said 
annulus by suspending it in an aqueous carrier 
liquid and pumping the resulting suspension 
into said annulus. 

40 

a A method according to any of claims 1 to 8. 
wherein said aqueous cement slurry comprises 
water and a hydraulic cement comprised of 
Portland cement, slag or a mixture thereof 
having a particle size no greater than 30 45 
miaons (3x1 (T^m) and a Blaine Fineness of 
no less than 6000 cm^/gm. 

10, A method according to claim 9. wherein said 

cement is Portland cennent and wherein 90% so 
of the cement particles have a diameter no 
greater than 25 microns (25x10"* m). 50% of 
the particles have a diameter no greater than 
10 microns (10*^ m) and 20% of the particles 
have a diameter no greater than 5 microns 55 
(5x10-*m). 
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